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ABSTRACT 



A tire condition sensor module (14) includes a tire condition 
sensor (78, 84, 88) operative to sense a tire condition of an 
associated tire (20) and provide a signal indicative thereof. 
A mo tion detector (32) is operative to detect movement of 
me tire and provide a motion signal indicative thereof. A 
transmitter (44) transmits a lire' iranKmltlbr' signal indicative 
of the tire condition signal. A controller (72) is connected 
with the motion detector (32), the transmitter (44), and the 
tire condition sensor (78, 84, 88). The controller (72) con- 
trols the tire condition sensor (78, 84, 88) to se nse the tire 
c ondition at a first risin g ratr, dur ing an initial time period 
in wh ich thernoti ocLsi gnal indicates less than a predete r- 
nrine9 amount tire movement. T he controller (72) controls 
the transmitter (44) during tbe initial time period to transmit 
the tire transmitter signal depending on the sensed tire 
condition. The controller* (72) controls the tire condition 
sensor (78, 84, 88) after the initial time period to sense at a 
secon d sejisin g rale, which is less than the first sensing rate, 
so long as the motion signal continues to indicate less than 
the predetermined amount of tire movement. 

21 Claims, 7 Drawing Sheets 
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APPARATUS AND METHOD FOR 
CONTROLLING A TIRE CONDITION 
MODULE OF A VEHICLE TIRE 

TECHNICAL FIELD 

The present invention relates to monitoring a condition of 
a vehicle tire and, more particularly, to an apparatus and 
method for controlling operation of a tire condition module 
that monitors a condition of a vehicle tire. 

BACKGROUND OF THE INVENTION 



SUMMARY OF THE INVENTION 



10 



Numerous tire pressure monitoring systems have been 
developed in order to detect when the air pressure within a 
tire drops below a threshold pressure value. A system 15 
typically includes a pressure switch, an internal power 
source, and a communications link. The pressure switch 
provides tire pressure information to a central receiver 
through the communications link. The communications link 
may be a wired or wireless link. 20 

There has been an increasing need for tire pressure 
monitoring systems due to the use of "run flat" tires in 
vehicles. "Run flat" tires enable a driver to travel an 
extended distance after a substantial loss of air pressure 
within a vehicle tire. 25 

Examples of tire pressure monitoring systems are dis- 
closed in U.S. Pat. No. 5,285,189, U.S. Pat. No. 4,311,985, 
and U.S. Pat. No. 5,061,917. 



30 



One aspect of the present invention provides a tire con- 
dition sensor module that includes a tire condition sensor 
operative to sense a tire condition of a vehicle tire and 
provide a tire condition signal having a characteristic indica- 35 
tive thereof. Amotion detector is operative to detect move- 
ment of the associated vehicle tire and provide a motion 
signal having a characteristic indicating movement of the 
vehicle tire. A transmitter is operative to transmit a tire 
transmitter signal having a characteristic based on the tire 40 
condition signal. A controller is connected with the motion 
detector, the transmitter, and the tire condition sensor. The 
controller transitions from a first operating mode to a 
temporary second operating mode in response to determin- 
ing from the motion signal a change in tire movement from 45 
a first amount of tire movement to an amount that is less than 
the first amount. When the controller is in the second 
operating mode, it controls the tire condition sensor to sense 
tire condition at a rate that is substantially the same rate as 
when the controller is in the first operating mode. Also, when 50 
in the second operating mode, the controller controls the 
transmitter to transmit the tire transmitter signal in response 
to determining that the sensed tire condition has a prese- 
lected relationship relative to a tire condition threshold. 

Another aspect of the present invention provides a tire 55 
condition sensor module for a vehicle tire that includes a tire 
condition sensor operative to sense a tire condition of an 
associated vehicle tire and provide a tire condition signal 
having a characteristic indicative thereof. A motion detector 
is operative to detect movement of the associated vehicle tire 60 
and provide a motion signal indicative thereof. A transmitter 
is operative to transmit a tire transmitter signal having a 
characteristic based on the tire condition signal. A controller 
is connected with the motion detector, the transmitter, and 
the tire condition sensor. The controller operates in a normal 65 
mode in response to the motion signal indicating at least a 
first amount of tire movement. The controller operates in a 



transition mode for a time period in response to determining 
from the motion signal a change in tire movement from at 
least the first amount of tire movement to an amount less 
than the first amount of tire movement. The controller 
operates in a sleep mode that occurs after the transition mode 
so long as the motion signal indicates less than the first 
amount of tire movement. The controller controls the tire 
condition sensor and the tire transmitter according to in 
which mode the controller is operating. 

Yet another aspect of the present invention provides a tire 
condition sensor module for a vehicle tire. The module 
includes a tire condition sensor operative to sense a tire 
condition of an associated vehicle tire and provide a tire 
condition signal having a characteristic indicative thereof. A 
motion detector is operative to detect movement of the 
associated vehicle tire and provide a motion signal indicat- 
ing movement of the associated vehicle tire. A transmitter is 
operative to transmit a tire transmitter signal having a 
characteristic based on the tire condition signal. A controller 
is connected with the motion detector, the transmitter, and 
the tire condition sensor. The controller transitions from a 
first operating mode to a temporary second operating mode 
in response to determining a change in tire movement from 
a first amount of tire movement to an amount that is less than 
the first amount. The controller operates in a third operating 
mode after the second operating mode so long as the motion 
signal indicates tire movement less than the first amount. 
When the controller is in the second operating mode, it 
controls the tire condition sensor to sense tire condition at a 
rate that is greater than when the controller is in the third 
operating mode. 

Still another aspect of the present invention provides a 
method of controlling operation of the tire condition mod- 
ule. The method includes the steps of sensing movement of 
a vehicle tire and providing a signal based on the sensed tire 
movement. A first mode is operated in while the signal 
indicates at least a first amount of tire movement. The 
method changes from the first mode to a second mode in 
response to the signal indicating that tire movement has 
changed from at least the first amount to an amount less than 
the first amount. The second mode is operated in for a 
predetermined time period provided that the signal indicates 
less than the first amount of tire movement. The method 
changes from the second mode to a third mode after the 
predetermined time period so long as the signal indicates 
less than the first amount of tire movement. The third mode 
is operated in so long as the signal indicates less than the first 
amount of tire movement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features and advantages of the 
invention will become more apparent to one skilled in the art 
upon consideration of the following description and the 
accompanying drawings, in which: 

FIG. 1 is a schematic block diagram of a tire condition 
monitoring system in accordance with the present invention; 

FIG. 2 is a detailed block diagram of a portion of a sensor 
module of the system of FIG. 1 in accordance with the 
present invention; 

FIG. 3 is a flow diagram illustrating the operation of the 
sensor module of FIG. 2 in accordance with the present 
invention; 

FIG. 4 is a flow diagram illustrating operation of the 
sensor module of FIG. 2 in a first mode; 

FIG. 5 is a flow diagram illustrating operation of the 
sensor module of FIG. 2 in a second mode; 
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FIG. 6 is a flow diagram illustrating operation of the Preferably, the controller 64 is a microcontroller or micro- 
sensor module of FIG. 2 in a third mode; computer configured for receiving the tire condition data 

FIG. 7 is a flow diagram illustrating operation of the signals, demodulating, and decoding the received signals, 

sensor module of FIG. 2 in a fourth mode; and The controller 64 processes the decoded signals and pro- 

FIG. 8 is a state diagram illustrating the operation of the 5 vidin g an indication of the received tire condition informa- 

sensor module of FIG. 2 in accordance with the present tion. For example, the controller 64 is electncally connected 

invention t0 a s P ea ^ er *>6 for, when appropriate, providing an audible 

indication, e.g., a warning signal, based on the information 

DESCRIPTION OF AN EXEMPLARY contained in the data messages. Alternatively or in addition 

EMBODIMENT 10 to the speaker 66, the controller 64 is connected to a display 

FIG. 1 schematically illustrates a vehicle 10 equipped 68 * at P rov i d * s a vi f ual f*^™ of the received tire 

with a tire condition monitoring system 12 in accordance Condltl 1 ° D and Tn^' ™ e d f^ y 68 > f ° r 

with the present invention. The system 12 includes a phi- ^ ' be an LE » ° f ^ c ^ 

rality of tire condition senior/transmitter modules 14, 16, *9**™*x displaying detailed tire condition information 

and 18 for sensing one *r more conditions of associated 15 (e-g. a^hanumenc characters) for each vehicle tire as 

vehicle tires 20, 22, and 24, respectively. THere is one Sensed bv each of the tire condltlon modules U > 16 > 18 

module associated with each vehicle tire, including any ^ controller 64, the associated display 68, and speaker 

spare tire(s) of the vehicle 10. Although these modules 14, 66 arc powered by a power supply 70. The power supply 

16, and^8 are shown, it is to be understood that each module m ay be a volla S e regulator connected to a vehicle battery, 

is similarly constructed. For purposes of brevity, only one 20 sucn as when tne receiver module 62 is mounted within the 

module' 14 is described in detail. ' vehicle 10. The receiver module 62 alternatively might be 

Module 14 includes an internal power supply 26 that P°™* d bv m f^ r SU PP}* li { * also contemplated 

supplies electrical energy to various circuit components of ? at . the T ff iv ^ module 1 62 ma ? be a handheld portable 

the module 14. In particular, the power supply 26 is dec- „ dcvice or f ° b f hat a vd ?* occ »? ant or other individual may 

trically connected to a motion detector 32, to a controller 25 obta !* ^n audible and/or visual indication of tire 

such as an application specific integrated circuit (ASIC) 38, coadltlon Agnostic information, 

and to a radio frequency (RF) transmitter 44. The motion Whlle > m accordance with one exemplary embodiment of 

detector 32 provides a motion signal to an ASIC 38 having the present invention, the communications link between the 

an electrical characteristic or state that indicates movement module 14 and the receiver 62 has been described as being 

of the associated vehicle tire 20. The ASIC 38 has a plurality an RF link, other wireless communication links, such as 

of operating modes responsive to the motion signal from its electromagnetic or optical, could be used in accordance with 

associated motion detector 32. The ASIC 38, in turn, con- the present invention. 

trols the operation of its associated module 14 according to FIG. 2 illustrates a more detailed view of the tire condi- 

its module's current operating mode. 35 tion sensor module 14 of FIG. 1 in accordance with an 

As described in greater detail below, the ASIC 38 includes exemplary embodiment of the present invention. Identical 

one or more sensors operative to sense one or more respec- reference numbers refer to parts of the module 14 previously 

tive conditions of its associated vehicle tire 20 and/or identified with respect to FIG. 1. The sensor module 14, for 

operating parameters of the associated module 14 itself. The example, is integrated in a single package, operating as a 

sensors provide sensor signals indicative of the condition 40 stand-alone unit for use with the associated vehicle tire 20 

sensed thereby. The ASIC 38 processes the sensor signals to (FIG. 1). 

determine desired tire condition data and/or diagnostic infor- The sensor module 14 (FIG. 2) includes sensor compo- 

mation of the vehicle tire. The ASIC 38 provides tire nents that are operative to sense various conditions of the 

condition data and/or diagnostic information to its transmit- vehicle tire and/or to obtain diagnostic information of the 

ter 44. 45 module 14. In accordance with an exemplary embodiment of 

The transmitter 44 under the control of the ASIC 38 the present invention, the sensed tire conditions include tire 

provides an encoded data message signal to an antenna 50 pressure and temperature and the diagnostic information 

indicative of the data received from the ASIC. Any type includes battery voltage. It is also contemplated that other 

encoding scheme may be used to convey digital data from parameters of the tire and/or of the module also may be 

the tire condition module 14 including, for example, fre- 50 monitored in accordance with the present invention. The 

quency shift keying (FSK), binary phase shift keying transmitter 44 of the module 14 broadcasts a data message 

(BPSK), pulse width encoding, differential phase shift key- signal indicative of the sensed parameters, such as in a serial 

ing (DPSK), amplitude shift keying (ASK). The antenna 50 data format, for receipt by the central receiver (e.g., 62 of 

transmits or broadcasts the encoded data message as an RF FIG. 1). 

signal through free space, indicated at 51. 13ieidatasme§sage^ 55 As used herein, including the appended claims, the 

g^y,» formexam ple^inelufe phrases "tire condition," "tire condition sensor" and related 

gUagnostie^formatio^ terms and phrases are intended to encompass both sensed 

tification:(I©).code:of^ conditions (e.g., pressure, temperature) of a vehicle tire and 

thejlocation^Rhe^m diagnostic information (e.g., battery voltage) of the tire 

The RF signal 51 is received at an antenna 60 of a receiver 60 condition module associated with the vehicle tire, 

module 62. The receiver module 62 includes a controller 64 Referring back to FIG. 2, as stated above, the motion 

and appropriate circuitry and/or software for demodulating detector 32 detects movement of the associated vehicle tire 

and decoding the received signals. The controller 64 itself (i.e., 20 of FIG. 1), such as in response to rotation or 

may include the circuitry that demodulates and decodes the vibration thereof. Specifically, the motion detector 32 is 

RF signals. Alternatively, such circuitry may be external to 65 connected to a controller 72 of the ASIC 38 via connection 

the controller 64, such as connected between the antenna 60 74. The motion detector 32 provides a signal to the controller 

and the controller. 72 in response to the detected movement. 
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By way of example, the motion detector 32 is in the form istic (e.g., a voltage differential) indicating an absolute 
of a normally open centrifugal switch that closes upon the relative pressure detected by the sensor 78. The pressure 
associated vehicle tire 20 rotating at a predetermined rate. sensor 78 is capable of sensing pressure within a range, for 
The centrifugal switch is closed response to the associated example, from about 50 kPa to about 640 kPa over a wide 
tire rotating at a rate corresponding^to^titeastra-predeteT? 5 temperature range. 

gjgsfechiia^^ A temperature sensor 84 is connected to the switch 76 and 

the centrifugal switch is closed, it provio^rrrfioTimi signal to an j nput 0 f thc multiplexer circuit 82. The temperature 
to the controller^ 72, such as a logk HIGH signal at a^ sen sor 84 provides a signal 86 to the multiplexer circuit 82 

having an electrical characteristic indicative of the sensed 
temperature of the associated vehicle tire. The temperature 
sensor 84 is shown as part of the ASIC 38. Alternatively, the 
temperature sensor 84 could be external to the ASIC 38. The 



predetermined voltage. The logic HIGH motion signal indi- 
cates that the associated vehicle tire (e.g., 20 of FIG. 1) is 
rotating at a rate corresponding to at least the predetermined 
vehicle speed. On the other hand, when the centrifugal 

switch is open, such as forvetuclejs pceds 4ess -than-aboutlQU controller 72 controls activation of the temperature sensor 
mph, a logic LOW motion signal is provided"to"th^"ontfol-[ 84 us i n g the control switch 76. 

Ier72 at a predetermined voltage e.g. zero volts. The logic! 15 Abattery voltage sensor 88 is' electrically connected to the 

LOW motion signal indicates either the absence of vehicle x u ^ afl { of ^ millti lexer drcilit 82 , 

movement or movement at a speed less than the predeterj ^ voUage scnsQr 88 mQnitors ^ yoltagc of ^ powef 

mined vehicle speed. supply 26 when the controller 72 activates the control switch 

The controller 72, for example, may be a microcontroller, 76. The voltage sensor 88 provides a battery voltage signal 

a microprocessor, a state machine, discrete components, 20 90 to the multiplexer circuit 82 having an electrical charac- 

another ASIC, or any combination thereof. The function of teristic indicative of the sensed voltage of supply 26. The 

the controller 72 could be implemented as hardware and/or value of the battery voltage signal 90 after each broadcast 

software. The controller 72 controls operation of the module provides an indication of the electrical energy available from 

14. the power supply 26. 

The controller 72 sets an operating mode or state of the 25 The multiplexer circuit 82, thus, receives parallel input 
module 14 in response to the motion signal received over 74. signals 80, 86, and 90 from the respective sensing compo- 
The operating mode also may be responsive to other criteria, n ents 78, 84, and 88. The multiplexer circuit 82, in turn, 
such as to one or more of the sensed tire conditions. For provides a multiplexed serial output signal 92, indicative of 
example, the controller 72 tracks the state of various flag the sensed parameters from each of the sensors 78, 84, and 
conditions that vary based on monitored parameters, such as 30 88. The controller 72 also could be connected to the multi- 
pressure, temperature, battery voltage, and motion of the plexer circuit 82 to further control the multiplexing function 
associated vehicle tire. The controller 72 transitions between thereof. The multiplexed data signal 92 is provided to an 
operating modes according to the particular value of each of analog-to-digital converter ("A/D") 94. The A/D converter 
the flag conditions. The controller 72 also controls the 94 provides a digitized output signal 96 to a calibration 
timing of tire condition measurements and the timing trans- function 98. Alternatively, the signals from the sensors 78, 
mission (^yalajmess^gs^according to its operating mode. 84, and 88 could be digitized prior to being provided to a 

The controller 72"nas an output 75 connected to a control digital multiplexer circuit in which case the multiplexer 

switch 76 for controlling activation of other components of circuit would output digital signals indicative of the sensed 

the sensor module 14. In particular, the control switch 7 6 has 4Q values. 

an input electrically connected to the power supply 26, such The calibration function 98, which may be hardware 

as through an appropriate filter and/or voltage regulator (not and/or software, is configured to de-multiplex the digitized 

shown). The switch 76 also has an output connected to data signal 96 received from A/D converter 94 and calibrate 

various measuring and processing circuit components the data into a readable format for the controller 72. For 

located within the ASIC 38. These measuring and processing 45 example, the calibration function 98 may include a plurality 

circuit components could, in accordance with the present of pressure curves, temperature curves and/or look-up tables 

invention, be located external to the ASIC 38. from which calibrated temperature and pressure values are 

While, for purposes of brevity, a single switch 76 is determined based on the information contained in the digi- 

illustrated as connecting all internal components to the tized data signal 96. The look-up table and curves are 

power supply 26, the controller 72 alternatively could con- 50 derived from empirical data over a wide range of tempera- 

trol power to each of the components through separate ture and pressure for the particular pressure and temperature 

switches or an appropriate switching matrix. Such switches sensors 78 and 84 being used. The calibration function 98 

may be located external to the controller 72, such as shown also includes a look-up table for converting the digitized 

with switch 76 in FIG. 2. Alternatively, one or more such voltage signal into a calibrated voltage value in a useable 

switches could be integrated as part of the controller 72 so 55 digital format. 

as to connect desired electrical energy to selected compo- The calibration function 98 provides a calibrated output 

nents. signal 100 to another input of the controller 72. The signal 

The ASIC 38 includes a pressure sensor 78 operative to ^ has a characteristic or value indicative of each of the 

sense tire pressure of the associated vehicle tire (e.g., 20 of sensed parameters, e.g., pressure, temperature, and remain - 

FIG. 1). The pressure sensor 78 is connected to the switch 60 ing battery energy. The controller 72 receives the calibrated 

76 and provides a tire pressure signal 80 to an input of a data signal 100 and stores at least some of the received data 

multiplexer circuit 82 indicative of the sensed tire pressure. in appropriate memory 73. 

In particular, the pressure sensor 78 provides the tire pres- The controller 72 also is programmed with a unique 

sure signal 80 when activated by the control switch 76. The identification (ID) code for the transmitter 44 of the module 

pressure sensor 78, for example, may be an analog pressure 65 14 and, optionally, a tire ID code. The transmitter ID code 

sensing device, such as a Wheatstone bridge. The pressure is set during manufacture. The tire ID code, for example, 

sensor 78 provides a signal having an electrical character- may be set at the factory or by a technician, using an 
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appropriate data inputting device, who installs the module to 
indicate the tire location of the module 14 relative to the 
vehicle, e.g., passenger front, passenger rear, spare tire, etc. 

The controller 72 is electrically connected with the RF 
transmitter 44 for controlling transmissions of the data 
message through the associated antenna 50. The broadcast of 
the data message signal occurs at selected times depending 
on the particular operating mode of the ASIC 38. As 
mentioned above, the controller 72 determines the operating 
mode of the ASIC 38 in response to both the motion signal 
received over connection 74 and/or in response to the sensed 
parameters indicated by the calibrated output signal 100, i.e., 
the values of the sensed parameters. 

The controller 72 has a first operating m o de, here iflajter 
referred to as the normal operating mode, in respo nse to the 
motion signal indicating at least a predetermined rate of 
rotation of the associated vehicle tire, i.e., the centrifugal 
switch 32 is closed when the vehicle is being driven at a 
minimum predetermined speed. In the normal operating 
mode, for example, the controller 72 controls the switch 76 
to effect periodic activation of the tire condition sensors 78, 
84, and 88 as well as the other circuit components 82, 94, 
and 98 of the ASIC 38. Accordingly, sensors 78, 84 and 88 
periodically sense the tire condition of the associated vehicle 
tire and system diagnostic s at a prede termined rate, such as 
about on ce every four to^ten second sTX 

Also, in the normal operating mode, the controller 72 
controls the RF transmitter 44 to broadcast the data message 
signal. The broadcast of each data message signal, for 
example, occurs intermittently at random time intervals, 
such as ranging within a variable time w indow of about three 
t o about eighL ™ 1 '" 11 ^ The accuracy ot the transmission 
rates will vary according to the accuracy of the clock located 
in the controller 72 of the tire condition module 14. 

The controller 72 operates in a pre-sleep or transition 
mode in response to detection of tire rotation dropping 
below the minimum threshold. This is accomplished by the 
centrifugal switch 32 indicating a change from a closed 
condition to an open condition. As indicated above, this 40 
occurs when the vehicle tire rotates aLa^rate corresponding 
to less than a predetermined vehiclejspeec^ such as less than 
10 mph. The pre-sleep mode is maintained for a predeter- 
mined duration, such as from about 10-25 minutes. Other 
lengths of time also could be used. 45 

In the pre-sleep mode, the controller 72 controls the tire 
condition sensors (e.g., 78, 84, and 88) to sense their 
respective parameters. In the exemplary embodiment of the 
present invention, the controller 72 activates the sensors to 
sense their corresponding parameters at substantially the 50 
same rate as when the controller 72 is operating in the 
normal mode. A different rate also may be used, which may 
be greater than or less than thejse nsiiig rate^ in the normal 
mode. However, rather than controlling the transmitter 44 to 
periodically transmit, as in the normal mode, such transmis- 55 
sions are made in response to the presence of one or more 
predetermined sensed tire conditions. Recall that "tire con- 
ditions" also include module diagnostics as sensed by the 
sensor 88. 

By way of example, when the controller 72 is in the 
pre-sleep mode, it controls the transmitter 44 to transmit in 
response to a determination that the sensed tire pressure has 
a predetermined relationship relative to a pressure threshold. 
This may include the sensed pressure being less than a low 
pressure threshold value or the sensed pressure being greater 
than a high pressure threshold value. Alternatively or in 
addition, the controller 72 may effect transmission of the 



15 



20 



25 



30 



35 



60 



65 



data message signal in response to determining a change in 
pressure. The determined change in tire pressure can be 
measured between the presently sensed tire pressure and a 
reference tire pressure value. The reference pressure value 
can be a stored predetermined pressure value, or a pressure 
value contained in a previously transmitted data message 
signal. 

After passage of a predetermined time period in th e 
pre-sleep mode, the controller 72 controls the sensor module 
14 to enter a thir d operating mode that is referred to herein 

P. SlSSP ^nodg ITip rnntrnllpr 7? operate in thr. sleep 

mode so long as the signal 74 continues to indicate no tire 
rotation at a rate greater than the minimum threshold, i.e., 
the switch 32 remains open because vehicle speed is less 
than a predetermined value (e.g., 10-mph). The sleep mode 
only follows after occurrence of the pre-sleep mode. 

In the sleep mode, the controller 72 controls the switch 76 
to activate each of the tire condition sensors 78, 84, and 88 
(the diagnostic sensor) so as to sense their respective param- 
eters at a periodic rate that is substantially slower than the 
rate at which corresponding tire conditions are sensed when 
in the normal operating mode or in the pre-sleep mode. The 
sensing rate in the sleep mode also depends on the accuracy 
of the clocking function of tire conditio^ m odule 14. In tTTe 
sleep mode, for example, the sensors 78, 84, and 88 are 
controlled to sense the tire conditions from about every ten 
minutes to about every forty-five minutes. 

The tire condition data signal is broadcast in the sleep 
mode only after one or more of the sensed tire conditions is 
determined to have a predetermined relationship relative to 
a corresponding threshold. For example, when in the sleep 
mode, the controller 72 controls the transmitter 44 to broad- 
cast the tire condition data signal only after first determining 
that the sensed tire pressure is below a predetermined 
threshold, such as about 220 kPa or about 18 psi. The 
broadcast, alternatively, could be in response to determining 
that the sensed temperature is at or above some predeter- 
mined value or that the sensed battery voltage is below a 
voltage threshold value. Assuming that, for purposes of 
explanation, the sensed pressure is below the pressure 
threshold, the controller 72 controls the transmitter 44 to 
transmit at about the same rate as the pressure is~ being 
sensed. 

The sleep mode helps to conserve the energy of the 
internal power supply 26 when the vehicle is parked or 
otherwise not being used. The sleep mode advantageously 
still provides for relatively frequent measurements of the tire 
condition so that upon determining the occurrence of, for 
example, a low tire pressure condition, this information is 
provided to the driver upon starting the vehicle as key-on- 
status information. The restricted broadcasts in the sleep 
mode further help to reduce interference with other RF 
communication links of the vehicle, such as a remote keyless 
entry ("RICE") system. RKE transmissions typically occur 
when the vehicle is stationary. Other operating modes also 
could be used to control the frequency of parameter mea- 
surements as well as the frequency of transmission of the 
data message signals. 

In view of the foregoing, the operation of the system, in 
accordance with the present invention, will be better appre- 
ciated with reference to FIGS. 3-8. FIGS. 3-8 illustrate an 
internal operating process for the module 14. 

Referring to FIG. 3, the control process of the module 14 
begins at step 110 in which the module 14 is powered up and 
all registers are cleared, parameters are initialized and flag 
conditions are set to appropriate starting values. The process 
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proceeds to step 112 in which the motion signal from the 
motion detector 32 is read. 

The process then proceeds to step 114 in which the tire 
condition is sensed, including tire pressure, temperature, 
and/or battery voltage. As stated above, this is accomplished 
y the controller 72 activating the control switch 76 to 
provide electrical power to the pressure sensor 78, tempera- 
ture sensor 84, the voltage sensor 88, and other circuit 
components of the ASIC 38. The sensed tire pressure 
information is provided as pressure signal 80, the tempera- 
ture information is provided as temperature signal 86 , and 
the b attery voltage information is provided as signal 90. Thel 
multiplexer 82 either step s through each of t he input signals I 
in sequence responsive to fan i nternal ti mer^ r under control J 

of the controller 72. ) ' — =r=J 

"From step 114, the process proceeds to step 116 in which 
a determination is made as to whether the motion signal 
indicates at least a predetermined amount of tire movement. 
As stated above with respect to FIG. 2, for example, the 
motion detector 32 is formed of a normally open centrifugal 
switch that closes in response to the associated vehicle tire 
rotating at a rate corresponding to a vehicle speed above a 
predetermined threshold, such as about 10 MPH. When the 
centrifugal switch 32 is open, thereby indicating that the 
vehicle is moving at a speed below this predetermined 
threshold, the process proceeds to step 118. 

At step 118, another determination is made as to whether 
the calibrated representation of the sensed tire pressure (e.g., 
based on the pressure signal 80) is greater than a predeter- 
mined threshold pressure P 1 . The threshold pressure ? 1 is 
selected to provide a nominal pressure value, such as about 
220 kPa or about 18-psi, which indicates that the tire sensor 
module 14 has been exposed to a pressurized environment, 
i.e., mounted within a pressurized vehicle tire. 

If, at step 118, it is determined that the sensed pressure is 
not greater than the threshold pressure ? v for at least a 
predetermined time period, the process returns to step 112. 
This is indicative of a storage mode that is useful for 
transportation and/or storage of uninstalled modules. The 
sensor module 14 initially operates in the storage mode in 
which the module is dormant until one or more sensed 
conditions results in a transition to a different operating 
mode. 

On the other hand, if the determination at step 118 is 
affirmative, indicating that the sensed pressure is greater 
than the pressure threshold P x for at least the predetermined 
time period, the process proceeds to step 120. At step 120, 
the process enters the sleep mode shown in FIG. 4. 

Referring to FIG. 4, the process continues from step 120 
to step 122 in which a SLEEP_SENSING_TIMER is reset. 
The SLEEP_SEN SING_TIMER pro vides a time interval, 
such as about fifteen minutes, lor control ling subsequent 
activation of the tire condition sensors 78, 84, and/or 88 by 
the controller 72. After the SLEEP_SENSIN G_TIMERJ s 
eset, the process then proceeds to step 124. 

At step 124, the controller 72 determines whether the 
calibrated value of the sensed tire pressure is less than a 
predetermined threshold pressure. Preferably, this threshold 
pressure is the same as the threshold pressure P 2 of step 118 
of FIG. 3, namely about 220 kPa. If it is determined that the 
calibrated value of the sensed tire pressure is not below the 
threshold pressure P v the process proceeds to step 126. 

At step 126, a determination is made as to whether the 
SLEEP_SENSING_TI MER has ex pired. If it is determined 
that the SLEEP_SENSTFRj_llMbR timer has expired, the 
process proceeds to step 128TAI step 12^7-trre^cT5ndition 
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parameters (including diagnostics) are sensed. In particular, 
the controller 72 activates the switch 76 to electrically 
connect the pressure sensor 78 to the power supply 26 so as 
to obtain a measure of the current tire pressure. The con- 
troller 72 also may activate the switch 76 to effect operation 
of the temperature sensor 84 and/or the battery voltage 
sensor 88 upon expiration of the SLEEP_SENSING_ 
TIMER. To accomplish this, the switch 76, rather than being 
a single switch, could include a plurality of switches to 
separately connect the power supply 26 to the sensors 78, 84, 
and 88. The controller 72 would individually control the 
switches. The process then returns to step 122. 

If the determination in step 126 is negative, thereby 
indicating that the SLEEP_SENSING_HMER has not 
expired, the process proceeds to step 130. At step 130, 
another determination is made as to whether the motion 
signal indicates movement of the associated vehicle tire 20. 
That is, the controller 72 receives the motion signal via 
connection 74 and determines whether the motion signal 
indicates movement of the vehicle at or above a predeter-|( 
mined vehicle speed, such as about 10-mph, In the event thajgj 
the motion signal does not indicate such vehicle movement 
in excess of the predetermined threshold, the process returns 
to step 126 and the controller remains in the sleep mode. 

On the other hand, if the determination at step 130 is 
affirmative, wherein the motion signal indicates that the 
vehicle is moving at a speed at or above the predetermined 
vehicle speed, the process proceeds to step 132. At step 132, 
the controller 72 controls the transmitter 44 to broadcast the 
tire condition data signal. The tire condition data signal has 
a characteristic indicative of, for example, calibrated tire 
pressure information, calibrated temperature information, an 
indication of the current operating mode, information indi- 
cating the condition of the power supply 26, identifying 
information of the sensor module 14 (e.g., transmitter ID 
code), as well as error detection information. 

The process then^rjroceeds to step 134 in which a 
BROADCAST^TIME^is reset. The BROADCAST„ 
TIMER ^fines^tim^nterval, such as a random interval 
ranging from about 3 to about 7 minutes, which controls ^%J^ = /\A^yt/ 1 ^^ 
duration hctw een subseq uent b roadcasts of the tire condition ^^ 
data signal by the transmitter 44 when in the normal oper-^ X ,J]jM^ 
. atinff mod e. The process then proceeds to step 13b, in which 
the process enters the normal operating mode of FIG. 5, 
described below. 

Referring back to FIG. 3, if the determination at step 116 
is affirmative, thereby indicating movement of the vehicle 
greater than the predetermined vehicle threshold speed, the 
process proceeds to step 178. At step 178, selected tire 
condition data is broadcast. The process then proceeds to 
step 180 in which the BROADCASTJTIMER is reset. The 
process then proceeds to step 136 in which the process enters 
the normal operating mode of FIG. 5. 

The broadcasting steps 132 and 178 and the steps of 
resetting of the BROADCASTJTIMER 134 and 180 are 
precursors to entering the normal operating mode at step 
136, although such steps also could be implemented as part 
of the normal operating mode. The transition from either the 
storage mode or the sleep mode into the normal operating 
mode occurs in response to the controller 72 determining the 
existence of vehicle movement (i.e., the centrifugal switch is 
closed) for at least a predetermined time period. This time 
period ensures that the switch has actually changed from an 
open condition to a closed condition. 

Refer back to step 124 of the sleep mode shown in FIG. 
4. If the determination at step 124 is affirmative, thereby 
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indicating that the controller 72 has determined that the made as to whether a change in the sensed tire pressure, 

calibrated, sensed tire pressure is less than the pressure indicated at APRESSURE, is greater than a predetermined 

threshold P jS the process proceeds' to step 138. At step 138, pressure threshold AAP 2 , such as about 15 kPa or 2 psi. In 

the process enters a pressure alert operating mode, shown in particular, APRESSURE is defined by: 

FIG. 6. The pressure alert mode is a sub-routine of the main 5 4 „ ^^.^^ . 

. *\ . * « j * • r *. a * - u a *• APressure- PRESSURE,- PRESSURE,, 
process in which selected tire condition data is broadcast in 

a predefined manner. where PRESSURE r is the current measurement of the sensed 
With reference to FIG. 6, the pressure alert mode contin- tire pressure and PRESSURE,. t is a reference value equal to 
ues to step 140 in which a BROAD CAST„COUNTER is the last tire pressure measurement that was broadcast in the 
reset. The BROADCAST_COUNTER defines the number 10 tire condition data signal. The PRESSURE,^ value is stored 
of broadcasts of the tire condition data signal and/or a time in appropriate memory of the controller 72 after each 
period during which the tire condition data signal is broad- broadcast. Accordingly, with each broadcast of the tire 
cast. For example, the tire condition data signal is broadcast condition data signal, the reference value PRESSURE,.! is 
a predetermined number of times defined by the replaced by the pressure value being broadcast. 
BROADCAST_COUNTER, such as about four times 15 If it is determined that the APRESSURE is greater than 
within about a one-minute interval. tDe threshold AP 2 , the process proceeds to step 138 in which 
The process proceeds to step 142 in which the tire tne P rocess enters ±c pressure alert mode of FIG. 6. The 
condition data signal is broadcast, as described above. After pressure alert mode is entered, for example, after the con- 
broadcasting the tire condition data signal, the process then troller 72 determines at least about a 15-20 kPa (or 2-3 PSI) 
proceeds to step 144 in which the BROAD CAST_ 20 difference between the current pressure measurement PRES- 
COUNTER is incremented. As a matter of design choice, the SURE < and the reference pressure measurement 
counter also could be configured to be decremented until a PRESSURE,^. Alternatively, as mentioned above, the con- 
predetermined minimum counter value is reached. trollcr *»g ht enter thc P ressure alert mode u P on determining 

AiteTntrttvei^^trie" BROADCAST COUNTER could be) that the seased pressure has a predetermined relationship 

implemented as a timer of a predetermined duration__X 25 relatlve t0 a Pressure threshold. 

_ ^ ; — i A4 rr— — n: 1 — I — ~* \ac • The pressure alert mode is identical to that described 

From step 144, the process then proceeds to step 146 in , r . , * * *l i ^ a\ * * 

... X.J • a * u A. *u above with respect to the sleep mode (FIG. 4), except that, 

which a determination is made as to whether the - , , f. At « ^ JV . , v A . ' 9 . A . r 

nn/^AT^^AOT- PATiKnTTi u t- a * alter broadcasting the tire condition data signal the maxi- 

BROADCAST COUNTER has reached a maximum count , - ° , c w . & . 4 4 . 

i /wav ^mvT-TA y r ,i • . ... . AAC . mum number of times (e.g., four), the process returns to the 

value (MAX COUNT). If the determination in step 146 is . ,. , V /T S~ - x . . t t « - n 

y . 77 ,. 4 , ' . tjtj n j. -r\ a ct nATivrrcn 30 normal operatmg mode (PIG. 5). That is, the return step 150 

negative, indicating that the BROADCAST_COUNTER v ? _ - v ^ T ^ y , x ^ * . / . 

, b , - * UAV ^rvnxrr i *u of the pressure alert mode (FIG. 6) returns the process to step 

has not reached the MAX_COUNT value, the process ^ * . v ' r r 

proceeds to step 148 in which a predetermined time delay, 15 *? f the norr f al operating mode. 

r . . , . v . - - j t , .1 : When the determmation of step 154 is negative, thereby 

such as at least about 15 seconds, is imposed prior to the next . . . A . innr „„ im r • A 

, , . r 4 « .. j • j . . if- indicating that the APRESSURE is not greater than the 

broadcast of the tire condition data signal during the pres- , * _ , . , 6 . %mc At . 

, . « w- .« « . . j . .L 35 threshold APn, the process also proceeds to step 156. At step 

sure alert mode. In this way, each broadcast in the pressure . At _ ? « «** j * • u iL i« l . j 

, . , . j . / ' . .j . , j , #u 156, the controller 72 determines whether the calibrated 

alert mode is spaced apart by a time period provided by the , ' _ 4 . , t /^»*«\ • * .i. 

i i o . r ' r . r . . f value of the sensed temperature (TEMP) is greater than a 

delay of step 148. The process then returns to step 142 for . . . , /r JL x/(Ti \ i_ V T one n ic<u 

f* * j j {( , \. , 4 i temperature threshold (TEMPj, such as about 80 C. Ir the 

another broadcast of the tire condition data signal. , . • r . ■ ^ u ■ a- 

, . . ^ . „ . , determmation of step 156 is arnrmative, thereby indicating 

If the determination at step 146 ^ amative, thereby 4Q ^ ^ sensed temperature jemp ^ greater than the tem . 

indicating that the BROADCAST_COUNTER has reached t threshold / , he ^ roceeds t0 s 15g 

the MAX COUNT value, the process proceeds to step 150. A( 158> a temperature a]ert mode or subroutine is 

At step 150, the process returns to the operating mode that entered 

called the pressure alert subroutine In this example the For p ^ of breyi ^ temperature alerl mode has 

process proceeds to step 12^ i o .the sleej j mode »(£G. 4) to 4S been included as t of pjQ 5> Th e temperature alert mode 

determine whether the SLEEP„SENSING_TIMER has t0 step 160 jn which the tire condition data signal 

expired. ^ broadcast. Preferably, a predetermined number of broad- 

FIG. 5 illustrates operating characteristics of the module casts are executed while in the temperature alert mode, 

14 for the normal operating mode. As mentioned above, the similar to the number of broadcasts while in-the pressure 

normal operating mode is active when the vehicle is moving 50 alert mode 0 f FIG> 6. After the predetermined number of 

above the predetermined threshold speed, e.g. 10-MPH. The broadcasts of the tire condition data have been executed 

normal operating mode begins at step 136. Typically, before ( step igo), the process proceeds to step 162 in which a 

entering the normal operating mode, the tire condition data predetermined time delay is imposed. This time delay pref- 

is broadcast (step 178, 132) and the BROADCAST- erably prevents only re-entering the temperature alert mode 

TIMER is reset (step 180, 134). Such steps, alternatively, 5S ( step 158 ) for a duration 0 f time at least equal to the length 

may be performed contemporaneously with or after entering 0 f the delay. Accordingly, other operational features of the 

the normal operating mode. module still continue while this delay (step 162) is being 

The process proceeds to step 153 in which a NORMAL_ executed. 
SENSING_TIMER is reset. The NORMAL_SENSING_ The process proceeds to step 164 of the normal operating 
TIMER is implemented within the controller 72 as a timer eo mode while the delay (step 162) is applied for the tempera- 
of a predetermined duration. The controller 72 controls ture alert mode. In addition, if the determination of step 156 
activation of the tire condition sensors 78, 84, and 88 during is negative, thereby indicating that the calibrated value of the 
the normal operating mode in response to expiration of this sensed temperature TEMP is not greater than the tempera- 
timer. Timer expiration occurs when the timer counts down ture threshold TEMPj, the process also proceeds to step 164. 
from some initial value to zero. 65 At step 164, the controller 72 determines whether the 

After resetting the NORMAL_SENSING_TIMER, the motion signal indicates vehicle movement at or above a 

process proceeds to step 154. At step 154, a determination is predetermined vehicle speed. If the determination of step 
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164 is negative, thereby indicating that the vehicle is not 
moving at a speed greater than the predetermined vehicle 
speed, the process proceeds to step 190. At step 190, the 
process enters a temporary pre -sleep mode, which is shown 
in FIG. 7. 

If the determination at step 164 is affirmative, indicating 
that the vehicle remains moving at or above the predeter- 
mined vehicle speed, the process proceeds to step 166. At 
step 166, a determination is made as to whether the 
NO RM AL__S ENSING_TIMER has expired. When the 
NORMAL_SENSING_TIMER expires, for example, the 
controller 72 controls the control switch(es) 76 to provide 
electrical power to the sensors 78, 84, and 88 to measure 
corresponding tire condition and diagnostic parameters. 

If the determination of step 166 is affirmative, indicating 
expiration of the NORMAL_SENSING_TIMER, the pro- 
cess proceeds to step 168. At step 168, tire condition 
parameters are sensed, including the tire pressure, tempera- 
ture and/or battery voltage, as described above. The process 
then returns to step 153 in which the sensing NORMAL 
SENSING__TIMER is reset. Thus, each time the sensing 
NORMAL_SENSING_TIMER expires, the controller 72 
controls the sensors 78, 84, and 88 to sense the tire pressure, 
temperature, and the battery voltage. 

If the determination in step 166 is negative, indicating that 
the sensing NORMAL__SENSING_TIMER has not yet 
expired, the process proceeds to step 172. At step 172, 
another determination is made as to whether the 
BROADCAST_JIMER has expired. In the event that the 
BR 0 AD CAST_TIMER has not expired, the process returns 
to step 166. If the BROADCAST_TIMER has expired, the 
process proceeds to step 174. 

At step 174, the tire condition data signal is broadcast, 
such as stated above. The process then proceeds to step 176 
in which the BROAD CAST_TIMER is reset. Preferably, 
the BROADCAST_TIMER is reset to a value correspond- 
ing to a random amount of time within a variable window, 
such as between about three and seven minutes. This enables 
the transmitter 44 to intermittently broadcast the tire condi- 
tion data signals at random time intervals during the normal 
operating mode. Accordingly, when in the normal operating 
mode, the tire pressure sensing module 14 effects broadcast 
of the tire condition data signal each time the 
BR O AD CAST_TIMER expires, unless the process enters a 
different operating mode prior to expiration of the 
BRO ADC AST__TIMER . After resetting the 
BR 0 AD CAST_TIMER (step 176), the process returns to 
step 166. 

FIG. 7 illustrates operation of the tire condition module in 
the pre-sleep mode. The process begins at step 190 in which 
the pre-sleep mode is entered. As mentioned above, the 
pre-sleep mode is entered from the normal mode (FIG. 5) 
upon determining from the motion signal a change in vehicle 
movement from a value greater than a predetermined thresh- 
old (e.g., about 10 miles per hour) to an amount less than 
such threshold. In the exemplary embodiment described 
above with respect to FIG. 2, this is accomplished by the 
centrifugal switch being in an open condition for a prede- 
termined time period, such as for about 5-10 seconds. This 
time period accounts for any switch bounce. 

From step 190, the process proceeds to step 192 in which 
a pre-sleep timer is initialized. The pre-sleep timer provides 
an indication of the duration that the controller is in the 
pre-sleep mode. The pre-sleep timer, for example, is a 
counter that is incremented every measurement interval. The 
measurement interval is maintained substantially constant, 
such as based on the NORMAL_SENSING_TIMER 
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described above. In this way, the counter provides a rela- 
tively accurate representation of the time the controller 
operates in the pre-sleep mode. The process then proceeds to 
step 194. 

S At step 194, the NORMAL_SENSING_TIMER is reset. 
The NORMAL__SENSING_TIMER is substantially iden- 
tical to that described above with respect to the normal mode 
of FIG. 5. Briefly stated, the normal sensing timer controls 
the frequency at which the controller activates the tire 

10 condition sensors (e.g., 78, 84, and 88 of FIG. 2). From step 
194, the process proceeds to step 196. 

At step 196, a determination is made as to whether the 
sensed tire pressure condition has changed by predetermined 
amount or has a predetermined relationship relative to a 

15 threshold. In this exemplary embodiment, this determination 
includes determining whether a change in sensed tire 
pressure, indicated at APRESSURE, is greater than a pre- 
determined pressure threshold, indicated at AP 2 . The value 
of AP 2 , for example, is about 15 to 20 kPa (e.g., about 2 to 

20 3 psi). If this determination is affirmative, the process 
proceeds to step 138 in which the controller enters the 
pressure alert mode of FIG. 6. After completing the steps 
shown in FIG. 6, the process then proceeds to step 198 of 
FIG. 7. If the determination at step 196 is negative, the 

25 process also proceeds to step 198. 

At step 198, another determination is made as to whether 
the motion signal indicates at least a predetermined amount 
of tire movement. This is accomplished, for example, by 
monitoring the motion detector of the tire condition module, 

30 to determine whether the associated vehicle tire is moving at 
or above a predetermined vehicle speed, such as about 10 
mph as sensed by switch 32. If the determination at step 198 
is affirmative, indicating tire movement above some 
threshold, the process proceeds to step 136 in which the 

35 controller returns back to the normal operating mode of FIG. 
5, Accordingly, the controller only remains in the pre-sleep 
mode provided that the motion signal indicates less than a 
predetermined amount of tire movement. Similarly, the 
controller operates in the normal mode if the motion signal 

40 indicates more than the predetermined amount of tire move- 
ment. 

If the determination at step 198 is negative, the process 
proceeds to step 202. At step 202, another determination is 
made as to whether the NORMAL_SENSING-TIMER has 

45 expired. As mentioned above, the NORMAL_SENSING_ 
TIMER controls the measurement interval in the pre-sleep 
mode as well as in the normal mode. Accordingly, the tire 
conditions are sensed at substantially the same rate, which 
may be random within predetermined time periods, while 

50 the controller operates in the normal mode and the pre-sleep 
mode. The measurement interval in both these modes, for 
example, ranges from about every five to ten seconds. 

In the event that the NORMAL_SENSING_TIMER has 
expired, the process proceeds to step 204 in which the tire 

55 condition is sensed. With reference to FIG. 2, this may 
include the controller 72 controlling a switch (es) 76 to 
activate one or more of the tire condition sensors 78, 84, and 
88. The signals indicative of the sensed tire conditions are 
provided to the controller 72. Referring back to FIG. 7, from 

60 step 204, the process returns to step 194 in which the 
NORMAL_SENSING_TIMER is reset. 

If the determination at step 202 is negative, indicating that 
the NORMAL_SENSING_TlMER has not yet expired, the 
process proceeds to step 206. At step 206, a determination is 

65 made as to whether the pre-sleep timer has expired. The 
pre-sleep timer expires after a predetermined time period, 
such as ranging from about 15 to about 25 minutes. 
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In the event that the determination at step 206 is negative, 
thereby indicating that the pre-sleep timer has not expired, 
the process returns to step 196. If the pre-sleep timer has 
expired, the process proceeds to step 120, in which the 
controller enters the sleep mode of FIG. 4. 

By way of example, the pre-sleep timer may be imple- 
mented as a counter that is incremented every measurement 
interval, such as upon resetting the NORMAL_SENSING__ 
TIMER (step 194). Because, while in the pre-sleep and in 
the normal mode, tire condition measurements are taken at 
an average of about every 7 seconds, the counter may have 
a maximum value of about 180. The maximum counter 
value is selected to provide a desired lime period (e.g., about 
15 to 25 minutes) during which the controller can continu- 
ally operate in the pre-sleep mode. 

As mentioned above, the time in the pre-sleep mode 
period provides a transition mode between the normal mode 
and the sleep mode. In the pre-sleep mode, one or more 
selected tire conditions are sensed at substantially the same 
rate as when in the normal mode. The rate of tire condition 
sensing in the pre-sleep mode also is much greater than 
when in the sleep mode. 

In the pre-sleep mode, however, the transmitter only 
transmits the tire condition data signal in response to detect- 
ing a predetermined change in the tire condition, such as a 
change in pressure relative to reference tire condition. The 
reference tire condition, for example, is based on sensed tire 
pressure that was transmitted by the transmitter in a previous 
transmission. Alternatively, the transmission of the tire con- 
dition data might be conditioned upon the sensed tire 
pressure being greater than or less than a corresponding 
pressure threshold. 

In view of the foregoing, the pre-sleep mode provides a 
temporary operating condition of the tire condition module. 
For example, this provides a window of time in which a user 
is able to adjust the tire pressure within each vehicle while 
the vehicle is stationary, such as at a service station. During 
this time window, the module continues to sense tire pres- 
sure at substantially the same rate as when in the normal 
mode. Further, by forcing at least a predetermined change in 
tire pressure while in the pre-sleep mode, the associated 
module will readily transmit a current measurement of the 
sensed pressure. Advantageously, this mode may be used for 
programming purposes of the receiver module in which each 
tire condition module of the vehicle would be acted on by a 
vehicle user. In particular, each tire condition module might 
be acted on in a preselected order to transmit a data message 
signal in response to changes in the sensed tire pressure at 
each associated tire. 

While, for simplicity of explanation, process of FIGS. 3-7 
have been described to occur as a sequence of steps, 
transitions between operating modes or states may occur 
regardless of the current function being executed within the 
ASIC, such as according to the state diagram of FIG. 8. 

From the above description of the invention, those skilled 
in the art will perceive improvements, changes and modi- 
fications. Such improvements, changes and modifications 
within the skill of the art are intended to be covered by the 
appended claims. 

Having described the invention, the following is claimed: 

1. A tire condition sensor module for a vehicle compris- 
ing: 

a tire condition sensor operative to sense a tire condition 
of a vehicle tire and provide a tire condition signal 
indicative thereof; 

a motion detector operative to detect movement of the 
associated vehicle tire and to provide a motion signal 
indicating movement of the vehicle tire; 
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a transmitter operative to transmit a tire transmitter signal 
having a characteristic based on the tire condition 
signal; and 

a controller connected with said motion detector, said 
transmitter, and said tire condition sensor, said control- 
ler controlling said tire condition sensor to sense the 
tire condition at a first sensing rate during an initial time 
period in which said motion signal indicates less than 
a predetermined amount tire movement and controlling 
said transmitter during the initial time period to trans- 
mit said tire transmitter signal depending on the sensed 
tire condition, said controller controlling said tire con- 
dition sensor after the initial time period to sense at a 
second sensing rate, which is less than the first sensing 
rate, so long as the motion signal continues to indicate 
less than the predetermined amount of tire movement. 

2. A module as set forth in claim 1 wherein said controller 
operates in a first operating mode in response to said motion 
signal indicating at least the predetermined amount of tire 
movement, said controller, when operating in the first oper- 
ating mode, controlling said tire condition module to sense 
at a third sensing rate that is greater than the second sensing 
rate. 

3. A module as set forth in claim 2 wherein the first and 
third sensing rates are about equal. 

4. A module as set forth in claim 2 wherein said controller 
operates in a second operating mode during the initial time 
period and in a third operating mode after the predetermined 
time period so long as said motion signal continues to 
indicate less than the first amount of tire movement, said 
controller controlling said transmitter to transmit a tire 
transmitter signal in each of said second and third operating 
modes in response to determining the sensed tire condition 
has the preselected relationship relative to a tire condition 
threshold. 

5. A module as set forth in claim 4 wherein, when in said 
second operating mode, said controller controls said trans- 
mitter to transmit said tire transmitter signal in response to 
determining at least a predetermined change between the 
sensed tire condition and a reference tire condition. 

6. A module as set forth in claim 5 wherein the reference 
tire condition corresponds to a sensed tire condition that was 
indicated in a previously transmitted tire transmitter signal. 

7. A module as set forth in claim 1 wherein the sensed tire 
condition is tire pressure and said tire condition signal has a 
characteristic indicative of the sensed tire pressure. 

8. A tire condition sensor module for a vehicle tire 
comprising: 

a tire condition sensor operative to sense a tire condition 
of an associated vehicle tire and provide a tire condition 
signal having a characteristic indicative thereof; 

a motion detector operative to detect movement of the 
associated vehicle tire and provide a motion signal 
indicative thereof; 

a transmitter operative to transmit a tire transmitter signal 
having a characteristic based on the tire condition 
signal; and 

a controller connected with said motion detector, said 
transmitter, and said tire condition sensor, said control- 
ler having a normal mode in response to the motion 
signal indicating at least a first amount of tire 
movement, said controller having a temporary transi- 
tion mode in response to determining from the motion 
signal a change in tire movement from at least the first 
amount of tire movement to an amount less than the 
first amount of tire movement, said controller having a 
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sleep mode thai occurs after said transition mode so 
long as said motion signal continues to indicate less 
than the first amount of tire movement for a time 
period, said controller controlling said tire condition 
sensor and said tire transmitter differently in each 
mode. 

9. A module as set forth in claim 8 wherein said controller, 
when in said transition mode, includes means for controlling 
said transmitter to transmit the tire transmitter signal in 
response to said controller determining that the tire condi- 
tion signal indicates a sensed tire condition that has a 
predetermined relationship relative to a tire condition thresh- 
old. 

10. A module as set forth in claim 9 wherein said 
controller, when in said transition mode, controls said tire 
condition sensor to sense tire condition at a first rate that is 
about the same rate as when said controller is in said normal 
mode, said controller controlling said tire condition sensor 
to sense tire condition intermittently when said controller is 
in said sleep mode at a second rate which is less than the first 
rate. 

11. A module as set forth in claim 10 wherein the first rate 
is a random rate which ranges from a third rate to a fourth 
rate, the second rate being less than the third rate. 

12. A module as set forth in claim 8 wherein said 
controller, when in said sleep and transition modes, controls 
said transmitter to effect transmission of said tire transmitter 
signal in response to determining at least a predetermined 
change between the sensed tire condition and a reference tire 
condition. 

13. A module as set forth in claim 12 wherein the 
reference tire condition has a value that corresponds to a 
sensed tire condition that was indicated in a previously 
transmitted tire transmitter signal. 

14. A tire condition sensor module for a vehicle tire 
comprising: 

a tire condition sensor operative to sense a tire condition 
of an associated vehicle tire and provide a tire condition 
signal having a characteristic indicative thereof; 

a motion detector operative to detect movement of the 
associated vehicle tire and provide a motion signal 
indicating movement of the associated vehicle tire; 

a transmitter operative to transmit a tire transmitter signal 
having a characteristic based on the tire condition 
signal; and 

a controller connected with said motion detector, said 
transmitter, and said tire condition sensor, said control- 
ler transitioning from a first operating mode to a 
temporary second operating mode in response to deter- 
mining from said motion signal a change in tire move- 
ment from a first amount of tire movement to an 
amount that is less than the first amount of tire 
movement, said controller operating in third operating 
mode after said second operating mode so long as said 
motion signal continues to indicate an amount of tire 
movement that is less than the first amount, said 
controller, when in the first and second operating 
modes, controlling said tire condition sensor to sense 
tire condition at a rate that is greater than when in the 
third operating mode. 

15. A tire condition module as set forth in claim 14 
wherein said controller, when in said second operating 
mode, controls said transmitter to transmit in response to 
determining that the sensed tire condition has a preselected 
relationship relative to a tire condition threshold. 

16. A tire condition module as set forth in claim 14 
wherein said controller, when in said second operating 
mode, controls said transmitter to transmit in response to 
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determining at least a predetermined change between the 
sensed tire condition and a reference tire condition that was 
indicated in a previously transmitted tire transmitter signal. 

17. A tire condition sensor module for a vehicle compris- 
ing: 

means for sensing a tire condition of an associated vehicle 
tire and providing a tire condition signal having a 
characteristic indicative thereof; 

means for sensing movement of the associated vehicle tire 
and to providing a motion signal having a characteristic 
indicating movement of the associated vehicle tire; 

means for transmitting a tire transmitter signal having a 
characteristic based on the sensed tire condition; and 

control means for controlling said tire condition sensing 
means and said tire transmitting means in response to 
said motion signal, said control means operating in a 
normal mode in response to said motion signal indi- 
cating at least a first amount of tire movement, said 
control means operating in a temporary transition mode 
in response to determining a change in tire movement 
from at least the first amount of tire movement to an 
amount less than the first amount of tire movement, 
said control means also operating in a sleep mode after 
said transition mode so long as said motion signal 
continues to indicate less than the first amount of tire 
movement for a time period, said control means, when 
in the normal and transition modes, controlling said 
sensing means to sense at a rate that is greater than 
when in the sleep mode. 

18. In a tire condition module which is mountable at a 
vehicle tire, a method of controlling operation of the tire 
condition module comprising the steps of: 

sensing movement of a vehicle tire; 

providing a signal based on the sensed tire movement; 

operating in a first mode while the signal indicates at least 

a first amount of tire movement; 
changing from the first mode to a second mode in 

response to the signal indicating that the tire movement 

has changed from at least the first amount to an amount 

less than the first amount; 
operating in the second mode during an initial time period 

when the signal indicates less than the first amount of 

tire movement; 
changing from the second mode to a third mode after the 

predetermined time period provided that the signal 

indicates less than the first amount of tire movement; 
operating in the third mode so long as the signal continues 

to indicate less than the first amount of tire movement; 

and 

sensing tire condition at a greater rate when in the first and 
second modes than when in the third mode. 

19. A method as set forth in claim 18 further including 
transmitting a tire transmitter signal indicative of the sensed 
tire condition depending on the sensed tire condition. 

20. A method as set forth in claim 19 wherein, when in the 
second mode, the tire transmitter signal is transmitted in 
response to determining at least a predetermined change 
between the sensed tire condition and a reference tire 
condition. 

21. A method as set forth in claim 19 wherein, when in the 
second mode, transmitting the tire transmitter signal in 
response to determining that the sensed tire condition has a 
predetermined relationship relative to a tire condition thresh- 
old. 
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